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ABSTRACT 



An exhaust gas filter and/or a catalytic converter for 
the removal of harmful constituents from the exhaust 
gas of an internal combustion engine is provided with a 
feed duct (6) to a filter or converter unit (1) made from 
metal materials, which form a unit penetrated by cavi- 
ties, through which the exhaust gas is conveyed, from 
compression-moulded wires or fibers as a tangled mass, 
braiding, knitted fabric or woven cloth or in powder, 
granular or chip form, and with a delivery duct (7) for 
the exhaust gas purified by the filter or converter unit 
(1). The filter or converter unit (1) is also constructed as 
a heat exchanger unit for the exhaust gas to be cleaned. 

10 Claims, 2 Drawing Sheets 
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EXHAUST GAS FILTER AND/OR A CATALYTIC 
CONVERTER 

The invention relates to an exhaust gas filter and/or a S 
catalytic converter for the removal of harmful constitu- 
ents from the exhaust gas of an internal combustion 
engine, having a feed duct to a filter or converter unit 
made from metal materials, which form a unit pene- 
trated by cavities, through which the exhaust gas is 10 
conveyed, from compression-moulded wires or fibres as 
a tangled mass, braiding, knitted fabric or woven cloth 
or in powder, granular or chip form, and having a deliv- 
ery duct for the exhaust gas purified by the filter or 
converter unit. 15 

Filter or catalytic converters of this type are known 
from German Offenlegungsschrift 38 18 281, for exam- 
ple, in which the filter unit consists of a plurality of 
compression-moulded sintered parts made of steel and 
having high temperature stability, to which materials 20 
having a catalytic action are added to achieve catalytic 
actions. The filter unit is constructed so that a plurality 
of inlet and outlet ducts is formed, the exhaust gas to be 
cleaned having to pass through the walls lying therebe- 
tween. The desired exhaust gas purification, in particu- 25 
lar the removal of soot and substances similar to soot, is 
achieved by this. 

From German Offenlegungsschrift 39 01 609 there is 
also known an exhaust gas filter formed from sinter 
material, which is manufactured from a strip with spac- 30 
ers and is wound in a spiral. Inlet and outlet ducts with 
reaction walls lying therebetween are also formed by 
partitions. 

In German Offenlegungsschrift 39 08 581 there is 
described a method for the manufacture of a filter or 35 
converter unit which is constructed from multi-layer 
woven cloth or knitted fabric which are sintered to- 
gether, powdery, granular or chip-like particles being 
sintered onto the individual layers and/or their constit- 
uents. 40 

Such a woven cloth, braiding, or knitted fabric can 
also be produced by welding or soldering or also in 
conjunction with a sintering process to form a filter or 
converter unit. 

During the operation of a filter or catalytic converter 45 
of the aforementioned type, it is desirable that the tem- 
perature of the unit is as high and as constant as possible, 
because this promotes and accelerates the progress of 
the chemical process striven for, such as, for example, 
the burning off of the soot in diesel engines and the 50 
conversion of other exhaust gas constituents into less 
harmful constituents. However at the same time exces- 
sively high temperatures should be avoided so as not to 
damage any constituents having a catalytic action. 

However a big problem lies in the fact that the oper- 55 
ating conditions of the exhaust gas generator, Le. the 
internal combustion engine, for example, can fluctuate 
considerably depending on the performance of the 
driven vehicle, as a result of which the exhaust gas has 
large temperature variations. The range of variation 60 
may be from 50* C. (thrust operation of an engine for a 
commercial vehicle) to 8*-900" C (full load operation 
of an engine for a private car). 

It should also be noted that the temperature of the 
filter or of the catalytic converter depends on where it 65 
is located. Thus, for example, clearly different condi- 
tions prevail if the filter or the catalytic converter is 
located in the flow of exhaust gas directly behind the 



2 

engine or further away therefrom, e.g. under the floor 
of the vehicle in the vicinity of or connected to the 
exhaust silencer. 

Two methods of heating the filter or the catalytic 
converter are known for achieving at least a certain 
equalisation of the temperature of the exhaust gas sup- 
plied to the filter or catalytic converter or an increase in 
temperature in the starting or thrust operation and thus 
more rapid efficiency. Firstly the flow of exhaust gas 
heats the filter or converter unit as it flows through it, 
an attempt being made to achieve rapid heating by 
giving the filter or converter unit a suitable design. 
Secondly additional hearing appliances, such as, for 
example, burners, glow plugs, and the like are provided, 
which are connected either permanently or only when 
required. 

The first-mentioned method has previously proved to 
be inadequate and the last-mentioned method requires a 
considerable number of additional mechanical, electri- 
cal and other components. 

An attempt has also already been made to reduce the 
ignition point for the rust particles to be burnt by addi- 
tives to the diesel oil in filters for the exhaust gases of 
diesel engines. However this inevitably produces prob- 
lems, because the additives either also have to be fil- 
tered out or enter into the atmosphere as harmful sub- 
stances. 

Therefore the object of the present invention is to 
improve the efficiency of a filter or catalytic converter, 
and in particular the temperature conditions for it. 

This object is achieved according to the invention in 
that the filter or converter unit is also constructed as a 
heat exchanger unit for the exhaust gas to be purified. 

A clearly better utilization of the heat contained in 
the flow of exhaust gas is advantageously achieved, and 
moreover without additional installations or refine- 
ments. This is attributed to the fact that the inventor has 
recognised that the materials mentioned at the begin- 
ning are also very suitable as heat exchangers. They 
have a large surface for thermal absorption and for heat 
emission, and moreover especially because of their 
metal basic structure and the bond between the metal 
constituents. In this way there is largely achieved a 
thermal conductivity which is used for a heat exchange 
of the hot flow of exhaust gas flowing into the filter or 
converter unit 

One of the main advantages of the exhaust gas filter 
or catalytic converter specified by the invention lies in 
that with a cold start or under highly cooling operating 
conditions the necessary operating temperature of the 
filter or catalytic converter can be attained very quickly 
or a reduction of said temperature during operation, e.g. 
in thrust operation, can be avoided and the required 
operating temperature can be appropriately maintained. 

The filter or converter unit may also be constructed 
as a heat exchanger unit in a variety of ways. It may 
simply be provided that the filter or converter unit is 
penetrated by heat exchanger pipes or ducts through 
which the exhaust gas flows and into which the exhaust 
gas can be introduced before it enters the actual filter or 
converter unit 

By this refinement during a cold start and/or with an 
undercooled operating state the exhaust gases are first 
of all conveyed through the heat exchanger pipes or 
ducts before the purification of the exhaust gas occurs. 
In this way a rapid heating of the unit and thus more 
rapid efficiency occurs. 
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In this case it is advantageous if it is provided that in 
the feed duct there is disposed a regulating or control 
unit, from which a branch duct leads to the heat ex- 
changer pipes or ducts and a direct line leads to the 
filter or converter unit 5 

The flow of exhaust gas can be appropriately con- 
trolled or regulated by the regulating or control unit in 
dependence on the operating state and the prevailing 
temperature. Thus, for example, it is possible to operate 
the filter or converter unit directly in the customary 10 
way, for the stream of exhaust gas to have been previ- 
ously diverted and passed through the heat exchanger 
pipes or ducts or even to have a mixed operation. 

A further advantage of the exhaust gas filter or cata- 
lytic converter specified by the invention lies in that if IS 
required overheating can be avoided by controlling the 
flow of exhaust gas in an appropriate manner even in 
overload operation. 

After the stream of exhaust gas passes through the 
heat exchanger pipes or ducts the exhaust gas may again 20 
be returned into the feed duct or into the direct line 
leading to the filter or converter unit 

In an advantageous refinement of the invention it 
may be provided that the heat exchanger pipes or ducts 
are provided with shut-off valves which can be oper- 25 
ated individually and/or jointly. 

An even better control of the temperature may be 
achieved by shut-off valves, as heat exchanger pipes or 
ducts can be completely or partly shut off or connected 
in dependence on the prevailing temperature. 30 

The filter or converter unit can be traversed by the 
heat exchanger pipes or ducts at right angles to or 
against the direction of flow of the exhaust gas directed 
through the filter or converter unit 

A counter-flow direction is generally preferred, as 35 
the best heat transmission or heat exchange is achieved 
thereby. 

A plurality of heat exchanger pipes or ducts which 
are disposed next to one another and on top of one 
another is generally provided in dependence on the size 40 
of the filter or converter unit and the diameter of the 
heat exchanger pipes or ducts. 

The heat exchanger pipes or ducts may be directly 
formed in the filter or converter unit, in which case it 
just has to be ensured that imperviousness to exhaust gas 45 
is guaranteed, or separate pipes or ducts, which are then 
securely connected to the unit, are guided through the 
filter or converter unit 

A very advantageous and not obvious refinement of 
the invention may lie in that in the lines leading to and 50 
from the heat exchanger pipes or ducts extending 
through the filter or converter unit there is disposed one 
or several heat accumulators. 

Even greater efficiency is achieved in conjunction 
with an external heat accumulator. In this case if the 55 
stream of exhaust gas itself is used to heat or store the 
heat in the heat accumulator, the additional expenditure 
for the heat accumulator is correspondingly lower. 
Known designs, which are constructed on a slat base, 
for example, may be used as heat accumulators. When 60 
the exhaust gas is flowing, the heat accumulator can 
absorb heat from its heat and then when the exhaust gas 
is cool, e.g. with the cold start of the engine and in 
thrust operation, it can yield this heat again to the 
cooled stream of exhaust gas in a correspondingly 65 
equalising manner. 

In this case the heat accumulator may be disposed at 
any point in the feed or delivery lines. 
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It is advantageous if a heat sensor, by which the posi- 
tion of the regulating or control unit can be adjusted in 
dependence on the temperature, is disposed in the feed 
duct in front of the regulating or control unit 

Two exemplified embodiments of the invention are 
described in principle below by means of the drawings. 

FIG. 1 shows an exhaust gas filter or a catalytic con- 
verter, having heat exchanger pipes in the cross-flow 
direction, 

FIG. 2 shows an exhaust gas filter or a catalytic con- 
verter, having heat exchanger pipes in the counter-flow 
direction. 

The exhaust gas filter shown in FIG. 1 has a filter unit 
1. The filter unit 1 may be of a known design, as cited in 
the patent specifications mentioned at the beginning, for 
example. In FIGS. 1 and 2 there is shown a refinement 
of a filter unit 1 as described in German Offenlegungss- 
chrift 38 18 281, for example, in which several inlet 
ducts 2 and outlet ducts 3 are provided, which are sepa- 
rated from one another by filter walls 4. 

The filter unit 1 is located in a housing 5, into which 
a feed duct 6 opens and from which a delivery duct 7 
leads on the side of a collection chamber 16 lying oppo- 
site the feed duct 6. 

Several heat exchanger pipes 8 disposed next to one 
another or above one another penetrate the filter unit 1. 
In the exemplified embodiment only three heat ex- 
changer pipes 8 are shown on an enlarged scale for 
reasons of clarity. On the inlet side the heat exchanger 
pipes 8 branch from a branch duct 9 and on the outlet 
side they are combined in a collecting pipe 10, which is 
returned to the feed duct 6. In the feed duct 6 there is 
located a regulating or control unit 11. A heat accumu- 
lator 12 is shown in principle in the branch duct 9 and 
the collecting line 10. When they are not in use the 
stream of exhaust gas can also be guided around the two 
heat accumulators 12. Of course if need be it is not 
necessary to provide two heat accumulators 12. If re- 
quired one heat accumulator is sufficient, either in the 
branch duct 9 or in the collecting line 10. 

The exhaust gas filter or catalytic converter functions 
as follows: 

With a cold start or in an undercooled operating state 
the exhaust gas flowing in the direction of the arrow 
into the regulating or control unit 11 is introduced via 
branch duct 9 into the heat exchanger pipes 8, from 
which it heats the filter unit 1 by heat emission after 
flowing through said unit. Via collecting pipe 10 and if 
appropriate after passing through the heat accumulator 
12, the exhaust gas enters into the feed duct 6, from 
which it flows in the direction of the arrow into the inlet 
ducts 2 and as it passes through the filter walls 4 it is 
appropriately cleaned and then flows away via delivery 
duct 7. 

When the desired temperature has been reached the 
regulating or control unit 11 switches over, completely 
or partly shuts off the branch duct 9 and conveys the 
exhaust gas via a direct line 13 into the feed duct 6. In 
this way a purification of the exhaust gas is performed in 
the conventional way during its passage' through the 
filter unit 1. As long as no shut-ofT valves are provided, 
exhaust gas also flows for a short time into the collec- 
tion pipe 10 and from there in the opposite direction 
into the heat exchanger pipes 8, but as there is no escape 
route pressure very quickly builds up, but this does not 
result in any impairment of the flow of exhaust gas 
through the filter unit 1. 
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If necessary shut-off valves 14 can also be provided 
on the inlet or outlet side in the heat exchanger pipes 8, 
and by their use a combined operation is possible. Thus, 
for example, exhaust gas introduced into the branch 
duct 9 can only flow via one part of the heat exchanger 5 
pipes 8 when another part is blocked by shut-off valves 
14. 

A heat sensor 15 may also be provided in the inlet in 
front of the regulating or control unit to regulate the 
flow of exhaust gas. A hi-metal spring or a '*memory" 10 
material, for example, may be used as a heat sensor, and 
its position, which depends on the temperature, is used 
to relate the regulating or control unit 11. 

Another refinement of an exhaust gas filter is shown 
in FIG. 2. The filter unit 1 can be constructed in the IS 
same way as the filter unit in FIG. 1, which has inlet 
ducts 2 and outlet ducts 3. However for simplification 
the filter unit 1 is only represented as a "block". 

However the filter unit 1 may naturally be of a differ- 
ent design. For this purpose reference is made to the 20 
known filter and converter bodies mentioned at the 
beginning. 

The essential difference between this refinement and 
the form shown in FIG. 1 lies in that the heat exchanger 
pipes 8 are guided through the filter unit 1 so that in said 25 
pipes there ensues a counter flow to the flow which 
itself conveys the exhaust gas to be purified when flow- 
ing through the filter unit 1. For this purpose the heat 
exchanger pipes 8 connected with the branch duct 9 are 
guided through the collection chamber 16. The delivery 30 
duct 7 leads from the collection chamber 16. 

As the design of the exhaust gas filter is basically the 
same as the exhaust gas filter described with reference 
to FIG. 1, the same reference numbers are also used for 
the same parts here. The exhaust gas filter shown in 35 
FIG. 2 operates as follows: 

In cold operation the stream of exhaust gas is intro- 
duced by the regulating or control unit 11 into the 
branch duct 9, and it can also be guided through a heat 
accumulator 12 for further heating. After passing 40 
through the heat exchanger pipes 8, when the exhaust 
gas yields its heat to the filter unit 1, on the inlet side it 
travels to the inlet ducts at the filter unit 1 and is passed 
through the filter unit for the purpose of cleaning the 
exhaust gas as shown by the direction of the arrow in 45 
the direction opposite to the stream of exhaust gas con- 
veyed through the heat exchanger pipes. On the inlet 
side of the heat exchanger pipes 8 the purified exhaust 
gas leaves the filter unit 1 and enters into the collection 
chamber 16, from where it travels to the delivery duct 50 
by flowing around the collection chamber 16 (see ar- 
rows in the collection chamber 16). In this case it should 
just be ensured that the collection chamber 16 and the 
heat exchanger pipes 8 are impervious to exhaust gas. 

In normal operation the regulating or control unit 11 55 
conveys the stream of exhaust gas via the direct line 13 
directly to the inlet side of the filter unit 1. In this case 
the feed duct 6 is identical with the direct line 13. More- 
over the exhaust gas can also flow into the heat ex- 
changer pipes 8 in the direction opposite to the direc- 60 
tion described above as long as no shut-off valves are 
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provided, but even in this case a build-up of pressure 
which does not then interfere with the operation very 
quickly ensues. 

In addition at the outlet side or— as shown — at the 
inlet side shut-off valves 14, which may effect a partial 
or complete obstruction, may be provided in the heat 
exchanger pipes 8. 

I claim: 

1. A filter for the removal of harmful constituents 
from the exhaust gas of an internal combustion engine, 
having a feed duct to a filter unit made from metal 
materials, which form a unit penetrated by cavities 
through which the exhaust gas is conveyed, said filter 
unit having compression-moulded fibers in a form con- 
sisting of at least one of a tangled mass, braided fabric, 
knitted fabric, woven cloth, powder, granules or chip, 
and having a delivery duct for the exhaust gas emitted 
by said filter unit, said filter unit also functioning as a 
heat exchanger unit for said exhaust gas, and said filter 
unit is penetrated by heat exchanger pipes through 
which the exhaust gas flows and into which the exhaust 
gas can be introduced before its entry into the actual 
filter unit, said heat exchanger pipes being provided 
with shut-off valves which can be operated individually 
or jointly. 

2. An exhaust gas filter according to claim 1 charac- 
terized in that in said feed duct there is disposed a con- 
trol unit, from which a branch duct leads to the heat 
exchanger pipes and a direct line leads to the filter unit 

3. A filter according to claim 2, characterized in that 
said heat exchanger pipes open into said feed duct or 
said direct line after passage through said filter unit. 

4. An exhaust gas according to claim 1, characterized 
in that said heat exchanger pipes pass through said filter 
unit at right angles to the direction of flow of the ex- 
haust gas. 

5. An exhaust gas filter according to claim 1, charac- 
terized in that said heat exchanger pipes pass through 
said filter unit in the opposite direction to the direction 
of flow of the exhaust gas. 

6. An exhaust gas filter according to claim 1, charac- 
terized in that a plurality of heat exchanger pipes dis- 
posed adjacent one another pass through said filter unit 
(1). 

7. An exhaust gas filter according to claim 1, charac- 
terized in that said heat exchanger pipes are directly 
formed in said filter unit so that they are impervious to 
exhaust gas. 

8. A filter according to claim 1, characterized in that 
said heat exchanger pipes pass through said filter unit as 
separate pipes and are connected securely thereto. 

9. A filter according to claim 1, characterized in that 
at least one heat accumulator is disposed in said feed 
duct or said delivery duct. 

10. A filter according to claim 2, characterized in that 
in said feed duct in front of said control unit there is 
disposed a heat sensor, by which the direction of the 
exhaust gas flow can be adjusted by said control unit in 
dependence on the temperature. 

***** 
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